Little seed canary grass (Phalaris minor Retz.) is a major weed in wheat fields of Haryana, and has developed resistance to fenoxaprop and clodinafop in large area. In view of this, laboratory trials were conducted to evaluate the response of etiolated and non-etiolated seedlings of five P. minor populations along with wheat against fenoxaprop-p-ethyl, clodinafop-propargyl and two new herbicides pinoxaden and ready mix formulation of sulfosulfuron plus metsulfuron. The experiment was comprised of six treatments with each herbicide. The observations were made on different physiological parameters i.e. photosynthetic pigment development and membrane injury, and biochemical parameters i.e. lipid peroxidation and proline content. With increasing the concentration of herbicide a differential decline in total chlorophyll content was observed in all P. minor biotypes. Herbicide doses causes the increased in lipid peroxidation end product malondialdehyde, which results maximum ion efflux in HAU, Ambala and Uchana populations and marginal increase was in Chanarthal population, while in case of wheat the increase was negligible. Proline content also increased with increase herbicide concentration in all populations. Out of five studied P. minor populations, one was identified as insensitive, two were moderate sensitive and two were sensitive to fenoxaprop and clodinafop herbicides. For pinoxaden, four populations were observed as sensitive and one was insensitive, while, all P. minor populations were susceptible to ready mix formulation of sulfosulfuron plus metsulfuron. However, in wheat, no toxic effects were observed even at higher dose of all four herbicides. Based on these studies there is an opportunity to assess herbicide resistant little seed canary grass biotypes by selecting from a wide range of herbicides.
Introduction
P. minor is a major weed of wheat crop in northern part of India. The crop suffers a yield loss of 25-30% due to infestation of this weed (Malik and Singh, 1995) and it is very difficult to distinguish from wheat plant in its early growth stages. Introduction of high-yielding dwarf wheat varieties, along with increased irrigation and fertilizer facilities has made this weed an aggressive pest (Chhokar et al., 2008) . Isoproturon, a phenylurea herbicide has been commercially used in India since late 1980s for the control of P. minor in wheat. After 10-15 years of continuous use of this herbicide in Haryana, the weed developed insensitivity to this herbicide (Malik and Singh, 1995; Chhokar et al., 2008) . Alternative herbicides belonging to group I [(acetyl co-A carboxylase (ACCase) inhibitors] and group II [acetolactate synthase (ALS) inhibitors] were recommended for its management in 1997-1998 (Brar et al., 1999) . After 8-10 years of continuous use of these herbicides complaints regarding their efficacy also started to emerge (Yadav et al., 2002) and stressing the need to diversify present weed control methods. For the effective management of herbicide resistant weeds, it is essential to understand the physiological and biochemical basis of resistance. In this line, similar work has been conducted at physiological and biochemical levels with different herbicides are known affects photosynthesis process differentially (Dhawan et al. 2010b; Bhasker et al., 2014) . In view of this, present experiments were carried out under laboratory conditions with the objective of to evaluate the effect of three group I ACCase inhibitor herbicides such as fenoxaprop, and clodinafop belongs to Aryloxyphenoxy-propionates, pinoxaden belongs to phenyl pyrazolin category, an another herbicide ready mix formulation with metsulfuron belongs to group II, ALS inhibitor were studied on physiological and biochemical parameters in seedlings of P. minor and wheat.
Material and Methods
Seeds of five populations of P. minor were collected randomly at different locations from the village Uchana in Karnal district, Ambala, Nangla in Hisar district and village Chanarthal in Kurukshetra district cropped fields of Haryana. Seeds of the susceptible population named as HAU were collected from the farms of CCS Haryana Agricultural University, Hisar, where herbicides had never been sprayed. Seeds of wheat variety PBW 343 were obtained from Department of Genetics and Plant Breeding, CCS HAU, Hisar. Experiments were conducted in the months of December and January 2008-09 when the day/ night temperature was most congenial for the growth of the weed. Effects of different concentrations of four herbicides were studied on physiological indicators for photosynthetic chlorophyll pigment development during seedling growth. For this 50 seeds of each population of P. minor and 20 seeds of wheat were placed on double layer of Whatman No. 1 filter paper in a 15 cm Petri dish and moistened with 10 ml of distilled water and then covered with a lid and allowed to grown in dark in an incubator maintained at 15±2°C. After 10 days when the etiolated leaves had emerged from the coleoptiles sheath, seedlings were exposed to photoperiodic conditions in the laboratory and floated on 10 ml of different concentration of herbicide solutions i.e. 0, 0.01, 0.1, 1, 10 and 100 μM of four herbicides such as fenoxaprop, clodinafop, pinoxaden and ready mix formulation of sulfosulfuron plus metsulfuron. Distilled water without herbicide was used as control (0). After one week, developed chlorophyll was extracted by the dimethyl sulfoxide method (Gunes et al., 2007) . Calculations for different pigments were made according to formula given by Lichtenthaler (1987) .
For estimation of lipid peroxidation and proline etiolated seedlings were raised in the same manner as mentioned above, after that the seedlings were floated on 10 ml of different herbicide concentration (HC) i.e. 0. 0.1, 1 and 10 μM, ten days after light exposure seedlings were used for lipid peroxidation assay determined by measuring the malondialdehyde (MDA) content according to Hodge et al., (1999) . Free proline was assessed by the method of Bates et al., (1973) .
In another experiment, selected P. minor populations and wheat seeds were sown in earthen pots (9" dia) contain sandy loam soil in green house. Leaf samples (youngest 2-3 leaves) were collected 15 days after sown (DAS) placed in test tubes contain different concentrations of herbicide solutions were mentioned earlier in chlorophyll development assay. After 16 hr of treatment membrane stability was assessed by the method of van Stone and Stobbe, (1977) .
Results
A decline in total chlorophyll content was observed in the range of 0.258 to 0.056 mg g -1 FW with increase dose of fenoxaprop. The maximum decline (61.39%) was observed in Ambala followed by HAU (54.79%) and minimum was (31.39%) in chanarthal followed by Uchana (42.42%) population. While in case of wheat no decline was recorded ( Figure. 1a). Figure 1b showed a decline (0.258 to 0.081) in total chlorophyll content with increasing HC of clodinafop in all populations except Uchana and Chanarthal. The decline was highest i.e. 56.67% in population from HAU and lowest was in Uchana (40.75%). In case of wheat also no decline in total chlorophyll content was recorded. Increased HC of pinoxaden significantly declines (0.258 to 0.029) total chlorophyll content of all P. minor populations. The decline was highest i.e. 66.56% in HAU followed by Ambala (66.14%) and lowest in Chanarthal (46.67%). In case of wheat there was no decline was observed ( Figure 1c ). A significant decline (0.258 to 0.024) in total chlorophyll content was observed with increased HC of ready mix formulation of sulfosulfuron plus metsulfuron in all populations. Maximum decline (71.62%) was observed in chanarthal followed by HAU (67.82%), Ambala (67.50%), Nangla (67.39%) and minimum (57.80%) was in Uchana. In case of wheat also some decline (39.16%) was recorded.
The ion efflux (membrane injury) increased with increase HC of fenoxaprop in all populations, except Uchana, Nangla and Chanarthal. The leakage was in the range of 14.77% to 38.27% (Figure 2a ). Clodinafop caused the increases in ion efflux (14.77 to 44.46%) in Ambala (34.68%), HAU (32.60%), Nangla (30.32%) and Uchana (29.82%), while it was equal to untreated control in case of Chanarthal (19.36%) and wheat (15.27%) (Figure 2b ). The ion efflux increased with increase HC of pinoxaden in all populations of P. minor except Chanarthal (Figure 2c ). Figure 2d showed that the ion efflux increased in all populations with increased HC of ready mix formulation of sulfosulfuron plus metsulfuron. The relative increase in the range of 14.77-61.87 times. From Chanarthal to HAU leakage range was 33.44 to 50.12. In case of wheat also small increase was observed.
MDA content showed negative values in controlled seedlings of all P. minor, an increase in HC of fenoxaprop the range was -1.44 n mol ml -1 to 0.706 n mol ml -1 was in all populations of P. minor (Figure 3a) . At 10 μM of HC maximum MDA content was observed in HAU (1.23) followed by Ambala (1.12) and minimum was in chanarthal (0.099). In wheat there was no change in MDA was recorded. Clodinafop HC also caused small increase in MDA content in all populations ( Figure  3b ). With increase HC of pinoxaden MDA content also increased significantly (Figure 3c ), at 10 μM concentration of herbicide highest MDA content (0.954) was observed in Uchana and lowest (0.745) in Nangla. Figure (3d) depicted that increase in HC of sulfosulfuron MDA content also increased significantly in all populations in the range of -1.44 to 1.09. At 10 μM concentration of herbicide maximum MDA (1.45) was recorded in Uchana followed by Ambala (1.36), Chanarthal (1.25) and minimum was (0.923) in HAU, while, in case of wheat it was equal to untreated seedlings.
An increase in proline content was observed in all populations and wheat with increase all HC, it was 10.69 to 121.93 in fenoxaprop (Figure 4a ), in case of clodinafop (Figure 4b ), pinoxaden ( Figure 4c ) and ready mix formulation of sulfosulfuron plus metsulfuron (Figure 4d ) proline content increased range was 10.69 to 86.123, 10.69 to 60.57 and 10.69 to 31.05, respectively. The increase was more in Uchana and chanarthal with fenoxaprop and clodinfop. But in case of pinoxaden and ready mix formulation of sulfosulfuron and metsulfuron small increase was observed in all populations. However, wheat showed maximum content of proline.
Discussion
Aryloxyphenoxy-propionate herbicides fenoxaprop and clodinafop do not provide satisfactory results on P.minor populations. Amongst the early physiological responses of herbicide phytotoxicity in seedlings included leaf chlorosis and increase in cell membrane permeability; Leaf chlorosis usually is due to a result of decline in photosynthetic pigment. This may occurred either due to decrease in synthesis of chlorophyll or due to a faster destruction of the pigment. It is evidenced from the data of chlorophyll decline after herbicide treatment on various population seedlings indicates that susceptible biotypes are sensitive and can be controlled by aryloxyphenoxy propionate herbicides, whereas remained population did not affected, are might have resistant. Pinoxaden is a new herbicide belongs to same category, but efficiently affected on four populations i.e. HAU, Ambala, Uchana and Nangla, while Chanarthal showed resistance. However, in all the population a significant decline in total chlorophyll content was observed after treatment with a ready mix formulation of sulfosulfuron and metsulfuron. The content of photosynthetic pigments provides clues for their impact on biomass accumulation (Dhawan et al., 2010a; Singh et al., 2010; Bhasker et al., 2014) . This is further supported by the results of ion efflux after herbicide treatment; the susceptible populations are seen to lose membrane integrity fast as compared to the resistant populations. The Chanarthal population showed no change in ion efflux as compared to control after spray with fenoxaprop, clodinafop and pinoxaden indicating evolution of high level of resistance to all the three ACCase inhibitors. A marginal increase in ion efflux in population Chanarthal after spray with pinoxaden, in remained population ion efflux increased exponentially with pinoxaden is an indication of their greater susceptibility to this herbicide. The herbicide ready mix formulation of sulfosulfuron and metsulfuron caused increase in ion efflux in Chanathal biotype indicating its efficiency against this biotype have highly resistance to other three herbicides indicating susceptibility to this formulation. The ion efflux did not increase in wheat after spray with this formulation indicating selective response of the herbicide on weed. Therefore variable responses to all the herbicides were observed. The results support the earlier findings on isoproturon resistant populations of P.minor (Dhawan and Malik, 1997) .
Increase in product of lipid peroxidation was observed with increase HC. As a result of herbicide spray due to stress effects, free radicals and other active derivatives of oxygen are produced. These reduced oxygen species such as hydrogen peroxide (H 2 O 2 ), O 2 and OH • radicals inactivate the enzymes and damage cellular components. Singlet O 2 produced through the triplet sate of chlorophyll is highly destructive. Hence, these parameters are therefore used amply as markers for herbicide caused oxidation stress in plants. These oxygen species initiates lipid peroxidation which results in membrane destruction and increase in membrane permeability that is the reason for ion efflux increased with HC indicates a progressive increase in permeability. The ion efflux in wheat was relatively lesser at all doses as compared to P.minor populations. This indicates lesser damage in wheat as compared to the P.minor populations. MDA increased after herbicide treatment in all populations, it is the end product of fatty acid oxidation tends to accumulate as a result of membrane destruction and it is very reactive and is known to form adducts with sugar, protein and nucleic acids. Negative values were observed in controlled seedling. MDA adducts with nucleic acids are known to be mutagene and therefore efficient repair of these adducts is essential for genomic stability.
Accumulation of proline in response to various stresses has been reported in a number of plant species under different abiotic stresses (Kempa et al., 2008; Szabados and Arnould Savoure, 2009 ) as part of plant's defense reaction against to these stresses (Reddy and Veerajneyulu, 1991) . It is also seen to accumulate in response to stresses caused by herbicides (Toteva et al., 2004) . Herbicide application enhances the proline levels in all the seedlings, the level remained higher in resistant populations as compared to the susceptible. At maximum concentration of pinoxaden and ready mix formulation of sulfosulfuron plus metsulfuron caused the decline in proline content may due to high oxidative stress leads to death of seedlings. The high concentration of proline does not interfere with normal biochemical reactions but allows the plants to survive under stress and corresponds to its osmotic role but other functions including radical detoxification and regulation of cellular redox status have also been suggested (Hare and Cress, 1997) .
Based on in vitro physiological and biochemical studies confirmed that five biotypes of P. minor were found to be four sensitive to pinoxaden, and five for ready mix formulation of sulfosulfuron plus metsulfuron and this herbicide performed superior of all other herbicides. 
